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Description 

FIELD OF THE INVENTION 

5 [0001] This inventkxi relates to a novel lk|iki crystal 00 

or conposition containing the conpound. an electrolyte oompr^ng a fiquid crystal compound including the novel com- 
pound, and an electrochemical cell using the electrolyte^ particularly a photo-eledrochemical cell. 

BACKGROUND OF THE INVENTION 

10 

[0002] The electrolyte used in an electrochemical cell, such as a lithium ion secondary battery or a solar cell having 
a dye-sensitized semiconductor layer, is a medium which contains ions meeting the purpose and functions as an ion 
conductor transporting the ions k)elween electrodes. A solution type electrolyte O-e., electrolytic solution) has been off 
genefal use because of its high ion conductivity txit is disadvantageous in that the solvent tends to e^iporatd or ttie 

IS solution terxis to leak while used in a k>attery, causing reduction of t)attery lifa Further, a metalfic container should be 
used to seal in the electrolytic solution, whichinaeasestheweightoffthekiattery and narrows ttte freedom of design. 
[0003] In order to overcome the disadvantages off a solution type electrolyte, various types of electrolytes have 
recently been proposed. Although a gel electrolyte ooniiprising a polynr^ solu- 
tion, not being so inferior in ion conductivity, offers a level of k)attery performance eQual to that off a solution type elec- 

20 trolyte, it cannot completely avoid evaporation of Itie solvenL A polymer electrolyte comprising a polymer, such as 
polyethylene oxide, having a salt dissolved tfierein is expected to settle the problems associated with a solution type 
electrolyte but has not attained sufficient ion conductivity. A molten salt, which is liquid at room temperature, such as an 
Imidazolium or pyridinium salt having BF4 , (CFaSC^f^, etc. as a counter anion, has been suggested as an electrolyte 
off lithium ion t>atteries. However, mechanical strength and ion conductivity off an electrolyte conffict with each other. 

2S When ttie mecfianical strength of tfie molten salt electrolyte is enhanced t)y increasing the viscosity of the molten salt 
itself or by incorporating a polymer, a reduction in ion conductivity results. Further, these state-of-tfie-art electrolytes 
show large temperature dependence of ion oondudivHy. and. in particular, their Ion conductivity is insulfictent at low 
temperature. 

[0004] On the other hand, study off photcwoNaic power generation (i e., solar electricity geneiation) consisting in 

30 conversion of light energy to electrical energy has been d rected chiefly to development of monocrystalline silicon solar 
cells, potycrystafline sOicon solar cells, amorphous silicon solar cells, and compound solar cells using cadmium tellu- 
ride, copper indium selenide, etc., and some of them have been put to practical use. It is required for spread of solar 
cells to overcome such diff iculties as a Ngh production cost, a short supply off raw nn^^ 
tima Although many solar cells using organic materials have been proi^^ 

35 a reduction off cost, they tiave a low conversion efficiency and poor durability. 

[0005] Under these circumstances, Natum, vol. 353, ppi 737-740 (1991) and US. Patent 4,927,721 disclosed a 
photoelectric conversion device using a dye^ensitized oodde semiconductor (hereinafter, cafled a dye-sensitized pho- 
toelectric conversion device) and a phot&«lectrochemical cell comprising the device. The disclosed cell comprises a 
photoelectric conversion device functioning as a work electrode (negative eiectiode). a charge transporting layer, and 

40 a counter electrode (positive electrode). The pholoeleclrico^ 

strata and a photosensitive layer containing a semiconductor tiaving a dye adsort)ed on tfie surface tfiereoff. The charge 
transporting layer comprises a redox system and serves for charge transport k>etween the negative electrode and the 
positive electrode. The photo-electrocfiemical ceil proposed in the dbove US. Patent is of wet type using, as a cfiarge 
transporting layer, an aqi ieoiB electrolytic solutipn containvig such a salt as potassium iodide. This system is promising. 

46 in that a relatiwiy high energy conversion efficiency 0-eL.photoetectriccofiversi^ 

prica The outstanding problem of conventional dye«ensiKzed photoelectric con^^ will be 

short of the electrolytic solution due to e^poration in long-tenn use m 
conversion efficiency or fiEUl to function as a cell. 

[0006] To solve this problem, WOSSH 8456 teaches use off ah imidazolium salt tfiat is a low-melting compound as 
so an electrolyte so as to preverit a shortage of an electrolytic sdution. According t^ 

vent that has been used as a solvent for an electrolyte is not necessary at all or used in a reduced amount so that 
improvement in durability can result However, tfie durabifity is still insufficient and, besides, an increase in concentra- 
tion of the imidazolium salt is accompanied tyy a reduction of photoelectric conversion efficiency. Use off a triazolium salt 
as an electrolyte has also boon proposed, wtuch has tlie same problems as the irrudazofiurh salt 

SUMMARY OF THE INVENTKDN 

[0007] An object off the preserit invention is to provide a novel liquid crystal conrpoundan^ 



2 



EP1033731 A2 



containing the same which are specially useful as a material of an etectrolyte for an electroc hem ical cell. 

[POOS] Another object of the present Inventkxi is to provide an electrolyte having high electrical conductivity and 

durability which is specially suited for use in a photo-electrochemical cell. 

[0009] Still another object of the present invention is to provide an electrochemical ceO having esccellent durability, 
particularly a photo-electrochemical oeO excellent in photoelectric conversi o n efficiency and durability. 
[0O1 01 The above ot^jects of the present Invention are accomplished tiy: 

(1) A liquid crystal compound represented by formula (M) or (1-2): 




Rl51 Ri5i 




l""Yl1l"Ql3l'j ^31 



d-i) 



111 



11 



(1-2) 



wherein represents a divalent Gnking group with the proviso that does not represent a polymethylene 
group nor a pheriylenebis(fX)ly)rnethylene group without con^ Ri4i, 
^151* ^161* ^ ^171 ®^ represent a hydrogen atom or a sut>stituent; R131 represents a sut>stituted or unsut)sti- 
tuted aUcyl group or a sut)6tituted or unsut)&tituted alkenyl group; Y^^^ represents a cfivalent 4-, 5-, &- or 7-mem- 
t>ered ring or a divalent corviensed ring composed of 4-, 5-. 6^ or 7-memk)ered rings; Q121 and Qis^ each represent 
a divalent linidng group or a single bond; n represents 1, 2 or 3; when n is 2 or 3, the plural Yi^i's, Qi2i's» and 
Ofsi'^ may be the same or (fiffsrenL 

^ A liquid crystal mixture comprising at least two liquid crystal compounds represented tiy formula (M) or (1-2). 

(3) A liquid crystal composition comprising at least one liquid crystal compound represented t)y formula (M) or (I- 
2) and at least one compound selected from an altali m^ salt and an alkaline earth m^ salt. 

(4) An etectrolyte containing at least one liquid crystal compound represented by formula (1^: 



(lA) 



wherein represents a substituted or unsubstitutedalkyi or alkenyl group which is bonded to the n^ 
either directly or via a divalent linking group; Zi 1 1 represents an atomk; group necessary to form a 5- or 6-mem- 
beredaromatfoheterocycfo cation together with the ratrogen atom; R121 represents a substituentsennng to exhibit 
lk)iid crystal properties which contains at least one divalerrt cydic linking group and at least one siJt>stituted or 
unsubstituted aOcyl or alkenyl groip; and X^^f represents an anion, the compound represented by formula (lA) 
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being preferably represented by formula (1-1) or (1-2). 

(5) An eiectrochenvcal ceD having the above-ctescribed electrolyte, particularty a photo-electrochemical ceil com- 
prising a semiconductor responsiva to a radiant ray and a charge transp^ 
electrolyte. 

5 

[0011] According to the present invention, an electrolyte which s sut)stantially nonvolatile and excellent in charge 
transporting performance can be provided. The electrolyte of the present invention provides a photo-electrochemical 
cell which exhibits excellent photoelectric conversion characteristics and undergoes little deterioration In performance 
with time. 

10 

PPI^F PESCRIPTIQN QF DRAWINGS 
[00121 

IS Fig. 1 is a schematic cross section of the photo-electrochemical ceD prepared in Exan^ 
DETAILED DESCRIPTION OF THE INVENTION 

[0013] The electrolyte oontaining the ionic liquid crystal compound represented by formula (lA) (hereinafter the 

20 compound (lA)) is usable as a reaction solvent in cfremical reactions, chenr^cal plating, etc. and as an electrolyte of var- 
ious batteries in CX^D (cfiarge coMpled device) cameras and the lika It is especially useful in Bthium secondary batteries 
and photo-electrochemical cells using a semiconductor and specially in photo-electrochemical cellSw 
[0014] The compound (lA), which will be described later in detail, is a liquid saK or a low-melting solid salt arvl is 
capable of forming a liqud crystal phase at room teniperaAure (25*^^ 

25 in a low-molecutar solvent suffers from deterioration of performance on account of volatilization of the solvent or leak- 
age of the solution. It is krK)wn to use a conpourid called a molten salt that is liquid €rt room tenperature as ^ 
lyte. Having an extremely higher txxling point than general k3w-molecular solvents, the molten salt used as an 
electrolyte of a phofto-electrochemk»l cell is effective in preventing deterioration of cell peribrmance by volatilization. 
However, it has kiw charge transporting abOity due Id its high viscosity and fals to ac^^ 

30 version elfk3erv;y in a photo-eiectrochenracal cell. Compared with the electrolytes comprising the low-nrx>lecular solvent 
or the molten salt the electrolyte comprising the lic^ crystal molten salt of the present invention exhbits high charge 
transporting ab'Bty In its fiquid crystal state while having a high viscosity arxJ is prevented from reducing the cell per- 
formance. Having suffkaent charge transporting atMlity. tfie electrolyte of the present inventfon shows high photoelectric 
conversfon efffciency especially when applied to a photD-electrochemk»l cell. 

3S [0015] The present invention will be descrit>ed with particular r^ence to a photo-electrochemical cell, whk^h is a 
practical and preferred appfication of a photoelectric device for use as a t>attery vM)rking in an external circuit The 
photo-electrocherTvcal ceil of tfie present invention comprises a semicorKtuctor responsive to a ractiant ray. a cfiarge 
transporting layer, and a counter electrode. The charge transporting layer contains the electrolyte according to ttie 
invention. 

40 [0016] The photoelectric devk» used in tfie present invention corrprises an electrically conductive sut>strBte. a 
sennconductor film (i.e., a photosensitive layer), a cfiarge transporting layer, and a counter layer. The pfiotosensitive 
layer is desi^ied in conformity with the intended use and nriay have either a single layer s^^ 
ture. It is prefonred that tfiesemkx)nductor film be sensitized with a dya 
eixcites tfie dyei The eoccHsd dye lias fugh eriergy eleclronSk wlikit are fiari^ 

45 of tfiesemkxxxtuctorpartides and diffused to reach the conductive suk>strat& Meanwfvle tiie dye molecules are con- 
verted into an coddized state. The electrons of tfie conductive substrate return to tfie codcfized dye through the counter 
electrode arid the charge transport in g layer thereby to regenerate the dye while wo^ 

ioonductor film acts as a negative electrode of the cell. Tfie l^ers constituting the devfoe may be diffused and mixed 
mutually at tfieir bouidaries, for example, the txxindary t)elween tfie conductor layer (hereinafter described) of the con- 
so ductive sut>strate and the photosensitive layer, the boundary between tfie photosensitive layer and the charge trans- 
porting layer, and the bourxlary between the cfiarge transporting layer and the counter electrode. For example, the 
cfiarge transporting layer does not need to be an independent layer with a cfistinct border. That is. a part or the wfiole 
of the electrolyte rnay penetrate into tfie particulate serrmnnductorla^ layer. 
[0017] The senrik»nductor serves as a photoreceptor that absorite light to induce c^^ 
55 ate electrons and positive holes. In the dye-sensitized semiconductor, tiie task of light absorption and generation of 
electroris and positive holes is cfiieftyperfbrnied by tfie dye. and the semiconductor plays a role in accepting and trans- 
mitting the electrons. 

[0018] The semiconductor whch can be used in ttie present invention includes single body semiconductors. e.g.. 
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Si or Ge, compound sefntoonductors, such as metal chalcogenides (e.g., oxides, sulfides, and selenides), and per- 
ovskitesemioonductorSw Examples of the metaJchaloogefiides Include an oxide of trtanium, tin, zinc, iron, tmgsten, zir- 
conium, hafnium, strontium, indium, cerium, yttrium, lanthanunv vanacGun, niobium or tantalum; a sulfide of cadmium, 
zinc* lead, silver, antimony or kxsmuth; a selenlde of cadmium or lead; and cadmium telliflideL Examples cl the other 
5 compound semfcorxtuctors include a phosphide of zinc, gallium, indium or cadmium, gallium arsenide, copper indium 
selenide, and copper incSum sutfida Examples of the perovskite semiconductors include strontium tHanate, calcium 
titanate, sodium titanate, barium titar^e, and potassium niot)ate. 

[0019] Examples of the preferred semiconductors for use in the present invention include Si, TiO^, Sn02. FegO^, 
WO3, ZnO. f^5. OdS. ZnS, PbS, BisSs. CdSe. CcTTe, GaP, InP. QaAs, CulnSz, and CulnSez- Still preferred are TiO^ 
10 ZhO. SnOa. FezOa, WO3, Nb2Q5. CdS, PbS. CdSe. tnP, GaAs, CutnS2, and CulnSe^. VOz and NbgO^ are more pre- 
ferred. T1O2 is the most preferred. The semiconductor may be a single crystal or 

[9020] polycrystalline. A single crystal is preferred for conversion efficiency, while a polycrystalline semicorKluctor 
is preferred from the stand^xxnt of production cost supply of raw rnate^^ Rnely partic- 

ulate semicorvluctors having a particle size on tfie order of nanometers to microns are particularty preferred. The par- 
IS ticulate semiconductors preferBt)ly tiave an average primary particle size of 5 to 200 nm. particularly 8 to 100 nm, in 
terms of a projected area (fiameter. The semiconductor particles in a (fispersed state (secondary particles) preferably 
have an average particle size of 0.01 to100|un. 

[0021] SerraoorxiuctDr particles of two or rnore kinds having differem sizes ^ 

tfie average size of smaDer partkdes is preferably 5 nm or les& For the purpose of scattering incident ligM to improve 
20 the rate of capturing ligfrt. large serraconductor particles about 300 nm in size may t)e used in comb in ation. 

[0022] Thepartk^lateserraconductor is prderably prepared by a sol-gel process d ag.. in Sumio Saku- 

bana, Sol-geh ho no kagaku, Agune Shofusha (1988) and Gijutsu Joho Kyokai, Sol-gel-ho niyoru hakumaku coalmg 
gijutsu (1999. and a gel-sol process descritjed in Tadao Sugimota Msdem, vol. 35, Na 9, ppi 1012-1018, "Shin gos- 
eiho gel-sol-ho niyoru tanburisan ryusN no gosei to size keital seigyo* (1996). T 
25 oped by Degussa AG wfvch comprises pyrogenwally fiydrolyzing a metal chtoride in an oxyfiydrogen flame is also 
pr^erred. 

[Q023] For preparation of titanium oxkfe particles, a sulfuric add process and a c^ 

abu Seinoi Ssfftkatitanbusse^ohyog^ptu,Glno^o{^^^ are also empkjyaUe for preference in additnntotheabove- 
descrbed sol-gel process^ gel-sol process and pyrogenic flame hydrolysis. 
30 [0024] Of the sol-gel processes for preparirig titanium oxide particles, particularly pr^erred are the process 
descrbed in Bart)e et al., Joumai (^Americal Ceramic Society, vol. 80. hk). 12. ppi 3157-31 71 (1997) and the process 
descrbed in Bumish et al., Chemica! Materials, vol. 10, iskx 9, ppi 2419-2425. 

[00251 Examples of the electrically oorvluctive sut)6trate includes a substrate made of a conductive material, such 
as rrielal, and a substrate rnade of glass or plastics having on the suriiBce thereof a conductor layer (i.a, a conductive 

35 layer). Examples of prefened corxiuctors to t>e used in the latter conductive sut>stFates include metals (ag.. platinum, 
gold, silver, copper, aluminum, rtiodium, and indium). cart>on, and electrically conductive metal oxides (ag.. indum tin 
composite Grade and F-dcped tin cockfe). The conductor layer preferably has a thickness of atxxjt 0.02 to 10 |im. 
[pOfiSB] The conductive substrate preferably has as low a surface resistivity as po6sik)la A desi 
Hy is 100 Q/b (square) or smaller, particularly 40 Qfa (square) or smaller. White not limiting, the practical minimal sur- 

40 feceresi^ivity is about 0.1 Q/b (square). 

[0027] It is desirable ttiat tfte conductive sitetrate be substantially transparent to light The term 'substantially 
transparenT means that tfie light transmtsskxi is at least 1 0%. pr^erak)ly 50% or more, still preferably 70% or mora A 
glass or plastic substrate having a conductive meial oodde layer is preferred as a transparent suk)6trata Of the above 
conductive substrates particularly preferred is conductive glass obtained by depositing F-doped tin dkixkfe on ineocpen- 

45 stve soda-lime ftoatglas&f^or tfie rnariufactwe of irie99>e^ 

transparent polymer fflm having the atxyva<tescrft)ed conductor layer is conveniently used. Examples of tfie useful 
transparent polymers include tetraaoetytoellufese (TAG), polyethylene terephthalate (PET), polyethylene raphtfialate 
(PEfsO, syncfiotactk; polystyrene (SPS), polyphenylene sulfkte (PPS), polycartxxiate (PC), polyacrylate (PAi). polysul- 
Ibne (PSi=), polyester suHone (PES), polyether-imide (PEI). cydk; polydefins, and brominated phenoxy resins. The 

50 arnoum of the conductive rnetalGDdde to be appBed is preferaNy 0.01 to 100 g/^ 
entcofxfuctive substrate fe pr e fe r ably used in such a rranrier that incklentligm 
tic sut>strate. 

[P0281 In Older to deaease the resistance of the transparent conductive sijft>strate. it is preferred to use a metal 
lead, which fepreliBraUyrnade of alurninurn, copper, silver, g^ nktel. eta, with an aluminum lead or a silver 

55 lead is particularly preferred. It is preferred tfiat a metal lead be provided on tfie transparent substrate tff vacuun evap- 
oratk)n. sputtering or a tike depo^tion technique, on which a transparent conductor laye^ 
provkled. It is also preferred that the trarisparertt conductor layer be provided on the trarispareritsu^ 
metal lead can be formed. Reductnn in incident light quantity due to the metal lead is usually 1 to 1 0%, preferably 1 to 
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5%. 

[P029] The serreoonductor particles are applied to the conductive sut)strate by, for exanrple, a method comprising 
coating the conductive eUbsbrate with a dispersion or colloidal solution of the particulate semiconductor particles or the 
afiorernenftioned sol-gel process and the like. Rim fornria^ 

5 sideration suitability to mass production of a photoelectric conversion device, nquid physical properties^ and adaptability 
to various substrates. Rm formation in a wet system is typically carried out t>y coating or printing. 
[0030] Adispersion off the semiconductor particles is prepared by the above-mentioned sol-gel process, a method 
comprising grinding a semiconductor in a mortar, or a method comprising wet grindvtg a semiconductor in a mfll. A syn- 
thetic semioonductor as precipitated in a solvent in the form off fine particles can also be used as such. Examples off 

10 useful cfispersing media include water and various organic solvents, such as metfianol, ethanol. isoprcpyl alcohol, 
dichloromettiane, ac^one, acetonitrile, and etfiyl acetate. If desired, a polymer, a surface active agent, an acid, a 
chelating agent, and the like may t>e added as a dispersing akJ In preparing a disperskxi. 
[0031] Examples off wet coating techniques indudeapplxxrtion methods such as roU 008^ 
ing methods such as air krnffe coating or blade coating, and appDcation methods combined with metering such as wire 

IS bar coating (JP-B-58^4589), slide hopper coating (US. Patents 2,681,294, 2,761,419, and 2.761,791), extrusion coat- 
ing, and curtain coating. General-purpose spin coating or spraying technique are also suHabla Examples off the wet 
printing technkjues include letterpress printing, offset printing, gravure printing, intaglk) printing, rubt>er plate printing, 
and saeen printing. A suitable film formation system is chosen from among the abcve-enumerated techniques in 
aooordarice with the fiquid visoosify and a desored wet thickness. 

20 [0032] The liquki viscosity is laigelydependem on the kind ard the disperse 

solvent and additives such as a surface active agent and a binder. In order to form a uniform film , extrusion coati ng or 
casting is fit for a ffugh viscous liquid (ag., 0.01 to 500 Poise), wffiBesfide hopper coating, wire t>ar coating or spin coat- 
ing is suted for a low viscous fiquid(ag., 0.1 Pdise or foweO. A kiw viscous liqukJ could be appied by extnj^ 
where it is to be applied to some coating weighL Screen printing, as is often used in applying a high^viscosrty paste off 

25 sernxx)nductorpartides, can be used as well. Thus, a suitable wet process^ 

ance with such parameters as the Ikpjid viscosity, the coating weight, thetypeof thesut>strata the speed off application, 
and so forth. 

[0033] The semiconductor layer does not need to be a single layer. Two or more layers different in partfole size off 
semicoriductorpartfoies^ in kind of semiconductors or in composition as for the ^ In 
30 case where single operation off applk^ation insuffwient for giving a desired ttvckness, multilayer coating is Effective. 
Extrusfon coating or slkie hopper coating is fit for multilayer coating. Multilayer coating can k>e carried out simultane- 
ously or by successively repeating coating operation several to more than ten times. Saeen printing is preferably appli- 
cat)le to successive multilayer coating. 

[0034] fo general, as the thickriess off tfiepartk»late semiconductor foyer inaeases. the amourit^ 

35 unit projected area increases to shew an fficreased rate of capturing light but ttie d^tance of diffusfon of generated 
electrons also inaeases, which results In an incre^ed foss due to re-coupling of charges. Accordingly, ttiere is a favo- 
rable thKkness range for the particulate semiconductor foyer, which is typfoally from 0.1 to 100 \im. Where the device 
isusedasaphoto-electrochenriicalcell. arnorefoMorablethickriessfo 1 to30|un,particuforiy2to25|un.Thecoating 
weight off the sefniooriduGtDr parlkies fo prefMbly 0.5 to 400 g/irr^ 

40 [0035] It is preferred ttiattfiesenvoonductor particles appfied to the suk>strate be heat^ 
tronic contact with each other, to iriprcve him strengtti. and to improve adheskxfi to 

temperature is 40*^0 or higher and lower than 700''C, particularty from 100 to 600*<). The heating time is usually from 
10 minutes to akx)ut 10 hours. Wherea sutistrate having a tow melting point w a k)^ 
film, fo used. Kgh^terrperature treatnnent wtifoh wouM deterforate 
45 conskieratioa too^ the heating temperature is preferat)ly as tow as possfola The heating temperature can be towered 
by using the above-nrieritioried snrall semkx)riductor particles ha^ 
ducting tiie heat treatment in the presence of a mineral acto. 

[0036] For the purpose off increasing the surface area off tffie semiconductor particles and off increasing the purity in 
the vk»riities off the sennoonductorpartides thereby to imprM efffkaency from the dyetothesemfoon- 

50 ductor particles, the heat-treated particulate semkx)nductor layer can be subjected to chenvcal plating with a titanium 
tetrachtoride aqueais sokition or electroche m fcal plating with a titanium trichtoride aqueous solution. 
[0037] It is preferabte for tfiesemk»nductorparttoles to have a large surface area so tffiatth^ 
an ainoum of a dye as possil3la The surface area of the senm)nductor partides 
substrate fo prefMbly 10 tinries or more^ still pr^Mt)ly 100 tff^ 

55 of tiie surface area is, whifo not Gnriited, about 1000 tinries the projected area. 

[0038] Examples off the dyes which can be used in the present Invention preferably include metal complex dyes and 
potymetiiine dyea 1wo or more kinds off dyes may be used in combination so as to broaden the wavelength region off 
photoelectric converston and to increase the converston efffkaency. The kinds and ratio off the dyes to be combined can 



6 



EP1033731 A2 



be selected in oonfomvtywHh the wavelength region It is pre- 

ferred for ttie dyes to have an appropriate interlocking group for linking to the surface of the semioonductor partides. 
Exanples of preferred interioching groups include -COOH. -SO^H, a cyano groups -P(OKOH)g, -OP(0)(0H)2, and 
chelating ^oups having pi oonductivHy. such as (sdme, cfioodme, hyctocyQutnoline, saficylafte and a-keto-enolate 
5 groups. Rarticularly preferred of them are -OOOH, -P(0)(0H)2. and -OP(OKOH)^. The interiocking group may be in the 
fomi of a salt with an alkali metal, etc. or an intramolecular salt Where the metfunechainof apolymethinedyehasan 
acidic group as in the case where the methine chain forms a squarylium ring or a croconium ring, that moiety can be 
used as a intedocking group. 

IP039] The metal complex dyes of the present inventk)n preferably include ruthenium complex (iyes. Those repre- 
10 sented by formula (IV) are still preferred 

(Ai)pRuBaBbBc (IV) 

wherein At represents a Pigand selected from the group consisting of CI, SCN, HzO.Br. I, CN. -NCO and SeCN; prep- 
IS resents an imager of 0 to 3p preferably 2; arid B^,B|^ and Breach represem an organic iigarid select 
8 shewn t>ek)w. 
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wherein represents a hydrogen atom, a halogen atom, a substituted or unsubstituted alkyt groi4> having 1 to 1 2 car- 
bon atoms, a substituted or unsubstit u ted aralkyt group having 7 to 12 carbon atoms or a sut>stituted or unsubstituted 
aryi group having 6 to 12 carbon atonrs. The aDcyl group and the al)^ nrioi^ 

or branched, arxi the aryl group and the aryl moiety of the aralkyi groip may be either monocyclic or potycyclic (con- 
densed rings). 

[0040] Examples of useM ruthenium complex dyes are given in U.S. Patents 4,927,721, 4,684,S37. 5,084,365, 
5.350.644. 5.463.057. and 5.525.440 and JP-A-7-249790. Specific examples of preflenred ruthenium oomploc dyes rep- 
resented by formula (IV) are tabulated below. 
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[PMI] SpecSic eownples of other suitable metal oompleK<Ves are shON^ 
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R-18 




CHa CH) 



PNMQ The pdymethine dyes preferably indude those represented by tornwlae(^ 



wherein Rb and each represent a hydrogen atom, an alk^ Rc, Rd.and 

Re each represent a hydrogen atom or a sUbsfituent; Rt^ Re, Rd> Be. and Rf may t>ekx>nded each other to form a ring; 

1 and 2 ^^ch represent a nitrogen atom, an cxygen atom, a suHiir atom, a selenium atom or a teiturium atom; n1 1 
and n13 each represent an integer of 0 to 2; and n12 represents an integer of 1 to 6. 
[Q04^ TheoompouridolfornnjtaOOmay have a counter ion in agreement with tto 

molecule. In formula (V), the all^» aryl, and heterocyclic gn)if)6 may have a subetiluent; the aDq^ gmiip may be straight 
or k>ranched; the aryl and heterocyclic groups may be monocyclic or polycydic (condensed rings); and the ring formed 
of Rk> Rc> Rd. Re.arKiR(nrayhaveasub6tituentaridnriaybenrionoqfdicorpol>^^ 




(VI) 



wheran represents a non-metallic atom ^oup necessary to form a nitrogen-containing heterocyclic ring; Rg repre- 
sents an alkyl group or an aryl group; Qa represents a mono- or polymethine group necessary to conr^ete a 
(poly)metNne dye; Xt3 represents a oouriter ion in balance; and n1 4 represerits a number ol fr 
essary to neutrafize the charge of the molecula 

[0044] In formula (VI), the nitrogen-containing heterocyclic ring formed t)y may have a sut>stitutent and may be 
a single ring or a condensed ring; the alkyl or aryl groups may have a substituent: the alkyl group may be straight or 
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branched; and the aryt group may be monocyclic or polycydic (condensed rings). 
pXMq or the dyes represented by fomKila on) prelOTed are those represented 




AO 




Rrfi Y46 



45 

wherein R^i, Ra2. Rri3» f\i5» Rbi» Rci» f\E» ^^o ®3ch represent a hydrogen atom, 

an alkyl groufx an aryl groupor a heterocyclic group; Y^i, Y^2» Y22. Y31, Y32, Y33, Y34, Y35, Y41, Y42, Y43, Y44. Y45, 
and Y46 each represent an oxygen atom^ a sutfur alonri, a selenium atom, a tellurium atom, -CRqi Rq2- ^ -NR^; Y23 
represents O", S". Se'» le' or "NF^"; R^i, Rb2, R93, and R94 each represent a hydrogen atom, an all^ group, an aryl 
so group or a heterocycGc grotp; V^^, V^2> ^21. V22. and V41 each represent a substituent; and n15, n31, and n41 
each represent an integer of 1 to 6. 

[0046] In formJae (Vl-a) to (Vl-d), ttie alkyl. aryl, and heterocyclic groups may have a sutsstituent; the alkyl group 
nray be straight or branched; and the aryl or heterocydk; group may be rings). 
[P047I Examples of the above<tescribed polyinethine dyes are described in detail in M. Okawara. T. KHaa T. 
ss ^rashima, and M. Matuoka. Organic Colorants. BsoMer. Spedfc and preferred but non-Gmiting examples of the 
polyrnethine dyes represented by fonnula (V) or (VQ are listed belOMv. 
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^>_0„=OH-CH=<|;^ 

I 1 

CH2CH2CO2* CHaCHaCOaH 

V=CH— CH==/ 
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(27) 



(28) 



CHzCOzH ° 

N f ^CHgCOzH 



^^J^CH— CH=CH— CH===<|^f^ 
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[0048] The compounds of formulae (IV) and (VI) are synthesized with r^ence Id the teachings of RM. Harmer, 
HetenxycSc Compounds-Cyanine Dyes and R^aled Confounds, John Wiley & Sons (1 964). D.M. Stunner. Hetemy- 
so die CompoundsSpedal Topics in Heterocyclic Chemistry, ch. 18, §14, pp. 482-515, John Wiley & Sons (1977), and 
FMd's Chemistry of Cartx>n Compounds, 2nd Ed., vol. IV, part B. ch. 15, ds. 369-422, Elsevier Science Put)lishing 
Company Inc. (1977), and GB Patent 1,077,611. 

[P049] Adsorption of the dye onto particulate semiconductor particles is usually effected by dq^ping well-dried par- 
ticulate semiconductor particles in a dye solution for several hours. Dye adsorption may bo carried out at room fenper- 
55 ature or under heattng-reflux as descril^ed in JP-A-7-249790. Dye adsorption can be conducted either before or after 
the particuiate semiconductor particles are applied to the conductive substrate, or the particulate semiconductor parti- 
des and the dye may be applied simuHaneousiy. It is prelmed that the dye is adsort>ed on the particulate sernioorKiuc- 
tor layer formed on the substrata 
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[0050] Adsorptkxi off the cfye onto the semiconductor layer to 

dried work electrode containing semiconductor particles in a dye solution (e.9., immersion, dip coating, roll coating or 
air knife coating) or coating the semiconductor layer with a dye solution (ag.. wire bar coating, slide hopper coating, 
extrusion coating, curtain oooftihg, spin coating, spraying, or printing (eig., letterpress printing, offset printing, gravure 
printing, or screen printing)). 

[0061] As p'eykxjsty descrbed with regard to the formation of the particulate semiconductor layer, extrusion coat- 
ing and various printing methocte are fit for a high viscous dye solution (ag. , 0.01 to 500 Poise), whDe slide hopper coat- 
ing, wire bar coating and spin coating are suited for a tew viscous dye solufion (ag., 0.1 Poise or lower) to form a 
untfbrmfilm. In this way, an appropriate technique for dye adsorption is to k)e selected according to such parameters as 
the viscosity of the dye solution, the coating weight the kind off the suk>strate, the speed 

ing lt)e suitat>9rty to mass production, the time required for dye adsorption after dye application is conveniently as short 
aspossODle. 

fjOOSZl It is famatrie to subject the sernioonductorpartides to heat treatrnent before^ 
ttie amount of the dye adsorbed. In this case, it is preferred that the dye t>e quickly adsorbed into the heated semicon- 
ductor wtnle it is t>^ween 40"^ and OO^'C so as to preverrt water from t>eing adsort)ed 

[0053] In order to ok3lain a suffictem sensitizing effect the dyes are preferab^ to 

100 mmol per m? of the sut)strate and 0.01 to 1 mmd per gram of the particulate semiconductor partidea With too 

small a total amount of ttie dyes, the sensitizing effect would be insuffteient If the dyes are used in too large a total 

amount tfie non-adsort)ed dyes will float only to reduce the sensitizing effect 

[0054] A coloriesscorTY)ound may t)eacteort)ed together vMtti the dyes ^ 

nK>lecules, such as association. Hydrophobic oonpounds such as cart 

ackO can be used fcH this purposa An ultraviolet ak>sort>ent can also K>e ooadsort^ 

ridration t3y uttraviolet light 

[D055] Because the dye remaining unadsoriaed causes disturbances of devk» performance, it shouki be washed 
away immediately after ^Isorption. Washing is convenientiy carried out in a wet washing tank with an organk: solvent, 
such as a polar solvent (ag., acetonitrile) or an ateohol. After dye adsorption, the surface of thesenvconductor partides 
can be treated with an amine to acceleiate renrwval of the unadsort)ed dya E)^^ 

dine, 4-t4)utyl|F^ine» and polyvinylpyrkf na Ihe amine can be used as such where it is ik)uki. or as dissolved in an 
orgarvc solvent 

[0056] The electrolyte according to the present invention contains the compound (lA). The conrpound (lA) is char- 
acterized t^y forming a tiqukl crystal phase at 25'*C an6 is useful as an electrolyte of an electrochemk^l cell. As stated 
prevkxisly, soK^alled molten salts (salts ttiat are Ik^uki or tew-melting sofid at 25''C) have a higher tx>iling pdnt ttian tew- 
mdecular solvents to prevent a short^e of the solution and are hence advantageous for durat>ility but on tiie other 
hand, Incapable of performing a tiigh charge transporting function t>ecause of their high viscosity. In contrast, the com- 
pound (lA) exhixts high cheirge transporting atMlity in its Bquki crystal state while having a high viscosity. 
[COST] While the electrolyte containing the compound (lA) according to the present invention may forltier comprise 
a solvent and the like, it is preferred to use the compouivl (ly^ in a proportion of at teast 50% by weight b^ed on the 
electrolyta lb keep the liquid crystal properties and to manifest excellent durabifity and high photoelectric conversion 
effkaericy, the cofipound (lA) is desirably used in a proper 
90% by weight in the electrolyta 

[0068] Unfike general solvents, the compound (lA) is sut)stantially nonvolatile so ttet a photoelecbicdevfoe using 
ttie same as an electrolyte is prevented from performance deterioration. Besides toeing excellent in durability, Ifie device 
win have a high short-drcuit current density and therefore extilxt excellent photoelectric characteristics. 
WOBSl It is preferred Ibr the coriYX)urid(l^ to have a nrieltirigpoirit off 100°^ 

particularly preferat^ly 60^ or lower, so that tfie oornpouridnriayeMtiitsit the liquid crystal properties in the worMrigteri^ 

perature range of ceOs or devk»a 

[0060] Ihe electrolyte comprising the corrpound (lA) is incorporated into a cell by, for example, a method compris- 
ing heat-melting ttie compound (lA) and infiltrBting the molten compound into tfie electrode or a method corTf)rising cSs- 
solving the compound (lA) in a lowbofling solvent (ag., mettianol, acetonitrile or methylene chloride), infiltrating ttie 
solution into tfie electrode, and removing the solvent by heating. 

[0061] Many of tfie compounds (lA) are more or less hygroscopfo, which can be used as containing atxxjt 0.1 to 
15% t)y weigtit of water. 

[p062] Ttie compounds [lA^ of ttie present invention wiD now be described in detaO. 

[00631 lnformtJa(l^,Ziti represents an atornic group necessary to form a 5- or Snviemberedaroniatic heterocy- 
clic cation togetfier with tlie nitrogen atom. Zf-n preferatsly made up off atoms selected from cartxwi, hydrogen, nitro- 
gen, oxygen, and sulfur. 

[0064] Ihe S-merrfoered heterocydk: ring corrpleted t>y Z^^t preferat)ly includes a mrndazole ring, a pyrazole ring, 
a triazole ring, an axazole ring, and a thiazole ring, witfi an imkiazole ring t>eing prefenred. The 6-merTt>ered heteroc/- 
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die ring oompleted by preferably indudes a pyrkfine ring, a pyrinridne ring, a pyridazine ring, a pyraztne ring, and 
a triazine ring, with a pyridne ring being preferred. These rings may have a substituent(s), such as an alKyl group, an 
acylQxygroup^aheter€cydicgroif),acyanogroiJ^ atom, an alkaxy group, an alke- 

nyl group or an aryl group. The substituents may be connected to each other to form a condensed ring to wfvch R121 ^ 
bonded. 

[0065] represerits a substituted or urisubstituted alkyt or alkenyl ^otp 

via a divalent linking group. The alkyi group may be either straight or branched and preferably h^ 1 to 24 carbon atom, 
including methyl, elhyl, propyl, butyl, isopropyt, isobutyl, pentyl, hexyl, octyt, 2-ethylhexyl, t-octyl, decyl, dodecyl, tetra- 
decyl. 2-heKyldecyl, haxactocyl, ocladecyl. cydohexybnethyl, and oclylcydohexyf groups. The alkenyl group may be 
either straight or branched and preferably contains 2 to 24 cartx>n atoms, induding vinyl arxi allyl groups. The substit- 
uent of the substituted aDcyl or alkenyl group preferably indudes (i) a substituted or unsubstituted and monocycfic or 
condensed aryl groip preferably containing 6 to 24 cartxm atoms, ag., phenyl, 4-methylphenyl, 3-cyancphenyl, 2*chk>- 
rophenyl, and 2-naphthyl; (ii) a substituted or unsubstituted and monocyclic or condensed heterocydic group (when it 
is a rutrogen-conlaining heterocyclic group the nitiogen atom thereof may be Quatemized) preferably having 2 to 24 
caitx>n atoms, such as 4-pyridyl, 2-pyridyl, 1-octytpyridiniurr>-4-yt, 2-pyrimidyl, 2-imida20lyl. and 2-thiazolyl; (ni) an 
alkDxy group preferably having 1 to 24 cartxm atoms, such as metfioxy, ethoxy, txitoxy. octytoxy. metfKXxyethoxy, metfv 
oxyperTta(ethyk»y). acrytoytaxyethoxy, and perrtaftuoropropoxy; fiv) an acykxxy group preferably having 1 to 24 caribon 
atonris, such as acetylOKy and t)efizoytaxy; an alkoxycaibonyt group prefera^ 

methco(ycartx)nyl and ethoDcycartx)nyl; (vQ a cyano group; and (vii) a fluorine atom. Of these substHuents preferred are 
an alkoxy group an altocycarbonyl group, and a cyano group 

[0066] The (fivalent linking group ttvough whk:h the at)ove<iescrit)ed alkyI or alkenyl group is bonded to the nitro- 
gen atom will be described later as Qm in formula (M) or (1-2) hereinafter given that is a preferred structure of oon^ 
pound (l>^. 

[P067] X-i 1 1' represents an aroon. Preferred anions indude halkle anions (ag., CT, Br or r). a tnlodkfe anion {[^, 
NCS", BF4". PFe', O^Ct, imkJe ankxxs represented by {CnF2m.iS(^CmF2nM.iSCy N" (wherein n and m each represent 
a positive integer of 6 or smallei), fluorosuHbnate ank)ns represented by CnF2m.i SO^'(wherein n is a positive integer of 
6 or smaller). Ph4B', AsFe'. SbFs*, and &10CI10*- Particularty preferred of these anions are an iodide araon {T) and a 
trOodide anion (I3O. 

[P068] Riiiortfie8ub6titueriton1hearomatic5-or6-nient)eredheterocycKcringcon^ mayhavethe 
same nitrogen-containing aromatic 5- or 6-membered guatemary salt as in fonrnila (lA). 
[0069] R121 represerits a substitueritservirig to exfiitxtlk^ki crystal properties whk^ 

cydk: group and at least one substituted or unsubstituted alkyl or alkenyl group The divalent cydc group indudes an 
aromatic 9'oup, a saturated or unsaturated alicydic group, and a combination of two or more of these cydic groups con- 
nected directly or via a GnMng group R121 has such a structure In wtiich a substituted or urisubstituted alkyl or alke^ 
group is bonded to one erxi of tfie above-mentkxied divalent cyclic group 
[0070] R121 is preferably represented by formula (IB): 

Ri22fQi3rYiii-Qi2i}„ (IB) 

wtierein R122 represents a substituted or unsut>stituled alkyl or alkenyl group; Yt n represents a cBvalent 4- to 7-mem- 
bered cydic group or a divalent condensed cydk^ group connposed off 4- to 7-mennbered rings; Q121 Qi3i ®3di rep- 
resent a dvalent Knking ^oup or a single bond; n represents 1, 2 or 3; when n is 2 or 3, the plural Yiti'^Qi2i'^ and 
Qi3i*s may t)e tfie same or dHferenL 

[0071] fan formula (IB), ttie substituted or unsub s tit u ted alkyl or alkenyl group as represented by R122 preferably 
indudes tfiose described with respect to Rtt-i, particularly an alkyl group havfog6to24caitx)natorns. An unsubstituted 
straight-chain all^ grotjp fiaving 6 to 12 cartxm atoms is especially preferred. 

[0072] Preferred examples of the divalent Bnking group as represented by 21 and Qi 31 include -CI-t=CH-, -CH=N- 
, -hMfO-, -MO=N-, -CCK>, -COS-, -(X>IH-, -COCH2-. -CH2CH2-. -OCH2-. -CHgNH-, -CHz". -O, -NH-, - 
(Cf^- (n: 1, 2 or 3), -CH=CH-(X)0. -CH=CH-CO, -(C-Qn" (n: 1 , 2 or 3). and combinations thereof. Still prefen^ed of 
them are -CH2-, -CO*. -O, -CH^Ck^, -C)H=N-, -f^fO-, and contxnatfons thereof. The hydrogen atom(s) in these linking 
groups may be substituted. It is tfie most desirable tfiat t)oth Q-121 and O-is-t be a single tx)nd. 
P073] preferably represents a 6-memt)ered aromatic ring, a 4- to 6-membered saturated or unsaturated 

aliphatx; ring, a 5- or 6Hnnemk)ered heterocydk; ring, or a condensed ring composed of two or mote thereof, ft is pre- 
ferred for Y^ii not to have a charge. Spedffo examples of these divalent cydk: groups are shown betow. Of these 
groups, preferred are (Y-1), (Y-2), (Y-18), (Y-19), (Y-21), and (Y-22). Still preferred are (Y-1). (Y-2). and (Y-21). 
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[0074] In formida (IB), n represents 1, 2 or 3. preferably 1 or 2. Where n is 2 or 3, the combinations of Q^2h Y^ii- 
and Q-fst nnay be the same or dfferent. 

[0075] The corrpound (lA) is preferably represented by formula (M) or (1-2). The compound represented by formula 
(1-1) or (1-2) (hereinafter, compound (1-1) or (1-2) is a noble liquid crystal compound In formula (1-1) or (1-2), Q^2h Qi3i- 
Y<|^1» n, and X^^^' are the same as those descnt>ed abcve wHh reference to formula (IB). 
[0076] In formula (M) or (i-2). 

f^i4i» ^^s^^ '^lei* Ri7i sach represent a hydrogen atom or a substituenL It is 
preferred that all of them be each a hydrogen atora The sut>stituent represented bfH^^t, 5^ , Rie^ or R^y^ prefMbiy 
includes (i) a suk)6tituted or unsitetituted and straight-cfiain or branched alkyi group preferat)ly having 1 to 24 cartxxi 
atoms» e.g., me^, ethyl, isoprof^, tMJtyl, t-butyl, octyl, 2-6tfiylhexyl, 2-m6thQxyetfiyl, benzyl, trifluoromethyl, cyanome- 
thyl, etfioxycarbonytmethyl, propoxyethyt, 3-(1-octytpyridinium-4-yl)prDpyt, 3-(1-butyl-3Hnrie1hylpyridinium-4-yl)propyl, (d) 
a substit u ted or unsubstituted and straight-chain or brarwihed alkenyl group preferably having 2 to 24 carbon atoms, 
e.g., vinyl or aDyl, Oil) a sttetHuted or unsubslHuted and morio^ 

cartxxi atoms, ag., phenyl, 4-emthylphenyl. 3-cyanophenyl. 2-chloropfienyl or2-naphthyl. fiv) a substituted or unsub- 
stituted and monocyclic or coriderised heterocycfic groijp preferably havirig 2 to 

containing groip^ the nitrogen may k>e quatemized), ag., 4^)yridyl, 2-pyridyl, 1-octytpyndinium-4-y1, 2-pyrimidyl, 2-imi- 
dazolyl, or 2-thiazolyl), (v) an alkODQf group preferably having 1 to 24 cartxxi atoms. e.g. , methoxy. etho)^. butoxy or octy- 
kxxy, (vQ an acyloocy group preferably having 1 to 24 c 

group preferably having 2 to 24 caitwn atoms, a g. , melhoxycartxxiyl or ethoxycarboriyl . (vni) a cyano groip, and foe) a 
halogen atom (ag.. chiorine or bromine). Still pr^ierred of these sut>stituents are an alkyI group, an alkenyl groups an 
aikoxy groups an alkoxycarbonyl ^oupt a cyano group, and a hak)gen atom. preferred of them are an alkyI group, 
an alkenyl groups an aIkQxycartx)nyl groups and a cyano group. Particularly preferred are an unsutistituted all^ group 
having 1 to 8 cartxKi atonris, a cyano- or alkoocycarbonyl-^^ 

groups and an alkoxycartxyiyl group having 2 to 20 casbon atoms. Especially preferred are a m^hyt group, an ethyl 
groupi a cyanoniethyi groups an alkoxycarboriytniethyl grou^ In partk;ular, 

an unsuk>stituted or cyano-substit ut ed alkyl group (ag., a mettiyt group, an ^hyl group, a cyanomethyl group) and an 
alkoo(ycart)onyl group (ag., a methoxycarbonyl group, an ethaxycartx)nyl group) are preferred. A methyl group is the 
most preferred. 

[POTT] Ri3i represents a s u t>stitule d or unsut)6tituted alkyl group or a substituted or unsut)6tituted alkenyl group 
(jpreferably having 2 to 24 cart)on atoms, such as vinyl or allyO, still preferably a sut>stituted or unsut)stftuted alkyl grotp 
having 6 to 24 casbon atoms, such as octyl, decyl, dodecyl or hex^lecyl, partk:ularty preferatsly an unsut>stituted 
straigfit-chain alkyl group having 6 to 1 2 caitx)n atoms. The suk)stituent of the substituted alkyl or alkenyl group prefer- 
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ably includes those enumerated as R-ist* Ri6i> ^171- 

[0078] Q111 represents a divalent linking group. Pr^erred examples of Q^n are-C(R4^i)=C(R42ih -CH=N-, -NsN- 
, -NO^N-, -COO. -COS-. -CONR411-. -COCH2-. -CH2CH2-. -OCH2-. -CH^f^^M'. -Ci^uh-' "CO-, -0-, -S-, -NR411-. 
-(C(R4ii)2)n-. -C00-. -C(R4ii)=C(R42i)-CO-. -(C=C)n-. phenylene, cydohexylene, and combinations thereofp wherein 
5 R4^i and R421 each represent a hydrogen atom or analkyi groups and n represents 1. 2 or 3. Still preferred among them 
are those composed of the repealing unit -(C(R4i t)2)h- and phenylene, cydohexytene, -CO-, -0-. -CH^CH-, -CHs^H- or 
-NsN-. Note that Qm does not represent a polyrnethylene group nor a phenylenebi8(poly)methylene group without 
containing a hetero atom. 

[0079] Preferred linking groups as Q^^ represented by formula (II) or (III): 

10 



IS 




(II) 



20 

wherein Q^^ represents a divalent linking group except a methylene group: R211. R221P F^i* and R^^^ aach repre- 
sents a hydrogen atom or a sut>st!tuent, and any one of them may t>e connected to Q211 to form a ring; and m repre- 
sents 0 or 1 : provKled that formula (IQ does not represent a polyniettiylene group without containing a hetero atom. 

2S — CH2CH2[OOH2CH2}p (ill) 

wherein p represents an integer of 1 to 30. 

[0O8O] In fornfiula(IQ, the di^^ent finking groijp as 0^11 preferably includes th^ 

ent as ^211* ^221* 'Vsi* and R241 prefeiaksly includes those de8cn't>ed for Rt4i, R-isi* R161* and R-ty-i: and m is preler- 
30 ably 1. One or more of R2^^* ^231' and R241 may be taken together with Q211 to form a ring. Q^ii does not 
represent a niethylene groip, and formula (II) does not represent a polymethylene group without containing a hetero 
atom. In formula (III), m preferably represents an integer of 4 to 20. particularly 5 to 18. 

[Q081] Iwo or more compounds (1-1) or (1-2) having different linking groups or different linking groups off for- 
mulae (IQ and (IIQ can be used as a mixture h this case^ (Afferent oonpoun^ 
35 t>e mixed at an artxtrary ratia or two or more starting compounds having cfifferent linking groups are used in synthesis 
to obtain ttie mixture of the compounds (1-1 ) or (1-2). For example, a mixture of compounds (1-1) or (1-2) having (fiffer^ 
linking groups of fonmula (III) wtik;h are different in p number can be synthesized t>y using a mixture of starting com- 
pounds providing differem liriking groups of formula (HQ 
ing the linlong groijp cf fonnula (HQ is represented fay, for e9^^ 

40 

HCHg^-CHj^OCHg-CHefpl (VIO 
The mixture of the starting oonrfX)Ufids of forimda CVIQ having differ 

ene oxide having a p distribution. Lei, a molec uta r weight distribution. The different pnumt>efs of such a mixlure are 
45 sometimes represented by its average as in the specific examples hereinafter given. 
[0082] Specifk:eD(amples of the conrfX)unds(lA) are shown t)eto^ 
(tA), txjt the invention is by no means limited therelOL 
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u 

n^oH2,0-Q-N=N-^-C-0-^N4cH2-CH2-0^ 

r 

(F-ll) 

r 

n-C„,H2,0-^-Q-0-CH2-^N-CH2-CH2-0^^ 
'»^JioH2iO-^-Q-0-CH2-Q^CH2-CH2-0'' 



I 

.CH2 



'CH2 
.CH2 
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w - Rioo-0-f>-0-Rioo 
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I 

(F-15) 



n-C,oH2iO— C-^^-C-O-^^N-CHj-CHj— C-O^ 



CIO4- CH2 
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-O 
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O O 

"O-SO2-CF3 
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CH2*CH-O-(CH2)4-O-^^C-0-^N-CH2-CH2-0-C-CH; 
CH2=CH-C-(CH2)4-0-^^C-0-^N-CH2-CH2-O-9-CH 
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(F-25) 
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'^C,oH2i--^^>--^N-CH2CHjCH3 
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n^oH2iO-^-COO-^-C=C-^N-CH3 
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[QOB^ Where the compound (lA) is used as an electrolyte off a photo-electrochemical cell, a pturalHy off the com- 
55 pounds different in anion species can be used as a mbcture in an arb^ 
^ at leasi one of the compounds (lA) has an iodide ion (r)as the anion 11' and at lea^ 
.1 has a triiodide ion (I3") as ^ The ratio of I3' to r in the mixture Is preferably 0. 1 to 50 mol%h still preferably 0.1 to 20 

nK)l%k particuiarty preferably 0.5 to 10 nK>l%p espec^ 



EP1 033731 A2 ^ 

[0084] Where the mixtureoff the oonpounds (lA) contains a compound (M^ whose ai^ X^^^' is other than r and 
I3*. the ratio of such a conpound(iy^ is preferably 0.1 to90mol%» still preferably 0.1 to 50 mol%, particularly preferably 
0.1 to 10 mol%, based on the total amount of the compound(s) having \ and the oompound(s) having l^~. The com- 
pound having 1^' is easily obtainable by addition of 1^ to the oomfXHind having r. AoooRfingly, the nrixture having X and 
I3' for use as an electrolyte is prefMbly prepared by addng a predeternfuned anf^^ 
corrpound having r. 

[0085] 71ie liquid crystal corrpound (lA) and the mixture thereof can be mixed with an alkali metal salt and/or an 
alkaline earth metal salt to provide a liquid crystal composition useful as an electrolyta The composition containing an 
alkali metal salt and/br an alkaline earth metal salt wQI hereinafter t>e sinply referred to as a liquid crystal composition. 
The alkali or alkaline earth metal salts preferat)ly include those formed of an anion selected from those enumerated for 
Xi 1 and an alkafi or alkaline earth metel cation, such as U*, Na*. K*. Rb*. Cs*. R*. Be^*. Mg2+, Ca^*. Sr^*. Ba^*. and 
Ra^*. Preferredof them are those fbrnried of a cation selected from Li^, Na*. K*. Mg^*, Ca^*, and Ba^^ and an ankm 
selected from r. la'. (CFsSO^N', CFsSO^', CFsCOa'. PFe'. BF4'. and 0104 . Those formed of a cation selected from 
li^, ^Ja^ and IC and an ankxi selected from r, 13 . and (CFsSO^N' are particularly preferred. 
[0086] T^e alkali or alkaline earth melal salt is added in such an amoum that is uniforrriiyn^ 
tai compound or the liquti crystal compound mixture. whk:h is preferat)ly 0.1 to 5 molar equivalents, stifl preferably 0.1 
to 2 molar equivaleritB to tfie total anrioum of the liqukl crystal con^^ 

[Q087] The ik|uki crystal compound or ttie Ixfuid crystal mixture or the Ikpd crystal conposition can further com- 
prise other electrolytes, such as an iocfirte salt of quaternary imidazolium compourvis, an iodine salt of tetraall^flammo- 
nium compounds, comtxnations of Br2 and metal bromides (ag.. LiBr. f4aBr. KBr. CsBr or CaBr2). combinations of Br2 
and a bromine salt of quaternary ammonium compounds (e.g., a tetraalkylammonium bronrude or pyridinium bromide), 
melal complexes (e.g.. a ferrocyananate-ferricyanate system or a fenrocene-ferricinium ion system), sulfur corrpounds 
(&g.* poly(sodium sulfite) arvi an all^llhnl-alkyl disulfide), viofogen dyes, and a hycfroquinone-quinone system. Ttie 
proportfon of these other corrpounds m the electrolyte is preferak)ly up to 30% by wei^ 

[0068] The conrpound (lA) can be used in comt)inatk)n with not more tfian an equal weight of a solvent In other 
words, it is preferred for the electrolyte of the preserttinventien to contain at least 50% t^ weight of the liquid crystal 
conpound (lA). the liquid crystal mixture, or the liquid crystal conrpositjon accorcfing to the present irrvention. A pre- 
ferred content of the lk)uid crystal compound (lA), the liquid crystal mixture, or the liquid crystal compositfon in the elec- 
trolyte is 70% by weight or rnorOp partioilarly 90% by weight w 
[0089] Where a solvere is used, it is preferred for tfiesoh^ to have a taw viscosity to 

in ion motxiity or to have a high dielectric constant to bring about an inaease in effective carrier concentration, thereby 
to help the electrolyte manifest excellent ion corxtuctivity. Examples of the sotvertts suitable from this viewpoint include 
cartxxiate corrpounds. such as etfiylene cartxxiate and propylene cartx>nate; heterocydk; compounds, such as 3- 
methyl-2-QKa20fidinone; ether compounds, such as dioxane and diethyl ether; acydk: ethers (i e., chain ether), such as 
ethylene glycol dialkyi ^ers. propylene glycol dialkyi ethers, pdyetfiylene glycol dialkyt ethers, arxi polypropylene gly- 
col diall^ ethers; alcohols, such as methanol, ethand. ethylene glycol nrKXioalkyl etfiers, propylene g^ool monoall^ 
etfiers. polyettiytene glycol morx>alkyl ethers, and polypropylene glycol monoalkyi ethers; pdyhydric alcohols, such as 
etf^^ene glycol, propylene glycol, pofyethytene glycol, polyprof^erie glyool, arxi ^ycerol; nitrite corrpounds, such as 
acetonitrile^ ghilaronitnle, methooq^acelDnitrile. piupiufulrfle. and benzonitrile; esters, such as carbaxylic acid esters, 
phospho ri c acid esters, and phosphoroc add esters; aprotc polar solvents, such as dim^hyl sulfoxide and suKblane; 
and water. Preferred of tfiem are cartxxiate compounds, such as ethylene carbonate arxJ propylene cartxxiate; hetero- 
cydk: compounds, such as 3-methyl-2-oxazolidinone; nitrBe compouncte, such as ac^onitrile, glutaronitaile. methoxyac- 
etonitrae. propionitrile; and tierizonitrifo; and esters. These solverits can be used ei^ 
thereof. 

' [0090] Specific but non-lirnitingexarvples of the solvents are shown below. 
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S-1 




CH3 



S-2 




CH3 



S-3 




S-4 



CH3CN 



S-5 




S-6 



CHzCX^CHoCN 

II 

o 



o 

( C2H5<%-PCH2CH2CN 



S-7 



CH3OCH2CH2OCH3 



[0091 ] From the stanc^nt of resislance to volatilization in improvement of durability; the boiling point of the solvent 

is preferat)ly 200*t) or higher, stBI preferably 2S0''C or higher, particularly preferably 270*0 or higher, urxier atmospheric 

pressure. Accordingly, S-5 and S-6 are preferred. 

[0092] There are tvwconceivaUernelhods of Ibrnriing a charge transport! 

ter electrode to the dy&«erisftized sernk^oriductor layer and penelr^^ 

the interface therebetween. The other comprises forming directly a charge transporting layer on the dye-s^isitized 
semiconductor layer and then forming a counter electrode thereon. The former method can be effected by (i) an ordi- 
nary pressure process which nriakes use of capDarity by, for exanrip^ 
phase is displaced with a fiquid phase under reduced pressure. 
[0093] Where the tatter inethod is followed, the charge transporting layer can t>ea^ 

the formation of the particulate semioonductor-oontaining layer or for the dye adsorption, Le.. immersion, roll coating, 
dip coating, air knife coaling, extrusion coating, slide fiopper coating, wire bar coating, spin coating, spraying, casting, 
and various printing methods. The thickness of the charge transporting layer c onpri si ng the electrolyte of the present 
invetitfon is preferably 0.001 to 200 imx still preferably 0.1 to 100 pm. 
[0094] foaphcto-electrochenriicaloellusirigthepholoelectrfo 

electroda The oouiter electrode usually has the same structure as the afore m entioned electrfoally concfoctive sub- 
strate, but a substrate is not always required as far as suffiDemstrerigtti is sea For securing clogging property, a 
counter electrode having a stbstrate is advantageous. 

[P095] At least ormcl the coriductivesuk>strate of the work electrode and the counter electric 

tiaOy transparent so that incktent 6^ can reach the photosensitive layer. It is preferred fbr the photo-electrochemical 

ceO of the presem invention that ttie conductive substrate of the work electrode be transpar^ 

u|X)nthi8SKla In this case; it is a preferred errtxxfirnent that the counter electrode has light refl^ 

[0096] The coulter electrode that can t>e used in the photo-electnxfienriicalceOo^ 

glass or plastfo sut>strate having a rnetal or a conductive oxide deposited therec^ 

of 5 )un or less (preferably 5 nm to 3 |im) which can be formed deposition (ag., vacuum evaporation), sputtering or 

a Ite technkiua A preferred counter electrode is a glass plate having platinm 

tion or a metal thin film formed by vacuum evaporation or sputtering. 

[0097] The photo-electrocherncalcefl of the present invention nriay have its skies sealed 

sive, eta to prevent deterioration k>y CKxtation. 
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Aspects of the present invention and preferred embodiments thereof are sunvnarized betow. 



(1) A liquid crystal compound represented by formuia (1-1) or (1-2). 

(2) The liquid crystal compound as set forth in (1), wherein 1 1 is an iodide anion. 

5 (3) The liquid crystal conpound as set forth in (1) or (2), wherein Qm is represented by formula (II). 

(4) The liquid crystal compound as set forth in (1) or (2), wherein Qi 1 1 is represented by formula (111). 

(5) A Bquid crystal mixture comprising at least two liquid crystal compounds set forth In (1) to (4). 

(6) The liquid crystal mixture as set forth in (5), wherein the at least two liquid crystal co^ repre- 
sented by fonnula (IIQ and are different from each other in number ol p^ 

10 (7) A liquid crystal composition comprising the liquid crystal compound as set forth in any one of (1) to (4) or the 
Bquid crystal mixture as s^ forth in (5) or (6) and at le^ one compound selected from an alkali metal salt and an 
alkaline earth metal salt 

(8) An eiectrotyte containing at least one liquid crystal compound represented by formula (1^. 

(9) The electrolyte as set forth in (8), wherein Z^^^ in formula (1^ is pyricfinium or imidazoiiumL 

IS (10) The electrolyte as set forth in (8). wherein the compound represented by formula (lA) is a oornpound repre- 
sented by fomduia (1-1) or (1-2). 

(11) The electrolyte as s^ forth in (10), which comprises ttie composition as set forth in (7). 

(12) The electro^ as set forth in (8), (9), (10) or (1 1), wherein the content of the at least one ik^uid crystal com- 
pound or the tiqud crystal composition is 90% k3y weig^ or rrxMB. 

20 (13) The electrolyte as set forth in any one of ( 1 0) to (1 2), which contains iodine. 

(14) An electrochemical cell having the electrolyte se^ forth in any one of (1 0) to (1 3). 
(1 ^ A photo-electroctienfucal cell comprising a semiconductor respmsive to a radiant r^ and a ctiarge transport- 
ing layer containing the electrolyte according to any one of (10) to (13). 

(16) The photo-electrochemical cell as set forth in (15), wherein the semkxsnductor is a particulate semiconductor 
25 sensitized with a dye. 

(17) The pfioto-electrochemtcal ceU as set forth in (16), wherein the particulate semiconductor is a metal chakx)ge- 
nida 

(18) The photo-electrochemical cell as set forth in (17), wherein the metal chalcogenide comprises titanium codde. 

(19) ThephalD-electrochenncalceaas8GltDrthBrianyoneof(15)to(18^^ wherein the dye is a metal complex dye 
30 andAvapolym^nedya 

[0099] The present invention will now be Olustrated in greater detail with reference to Examples, but it shoiid t>e 
understood that the invention is not limited thereto. Unless otherwise noted, all the percents are given by weight. 

35 EXAMPI^I 

[QIOO] Uquid crystal compounds F-2, F-4, F-6, F-51 and F^ were synthesized in accordance with the process 
descril>ed in Lkfuid Crysl^, vol. 21, Na 10, pi 923 (1996). The reaction scheme folkiwed is stiown onmediately t)elow. 



42 



EP1 033731 A2 



10 



IS 



/COOCH3 cH^o^ ^COOCH3 

COOCHa ^COOCHa 

M-1 



LIAIH4 ^CH2--0H 



•A 

M-3 



^ F^(p=5) . 

« ^ F-6(p=7,8j 



M-4 



l-CHjCHz-fO-CHgCHz-)-^! 

M-52(p«2} 
M-S5{p=.5) 
M-578{p»7.8) 



so 



(1) Synthesis of F-2 

(a) Synthesis of Intermediate compound M-1 

as 

pnoi] Dimethyl maionate ^.1 g, 439 mmoQ was dissolved in methanol, and 88 mi of a 28% mettnnolic solution 
of sodium m^tiQxide ms added to ttie solution. Further, 972 g (439 

wise over 1 hour.fellowedby reftuxingforS hours. Die reaction mixture was poured into cfihited hydrocfiloricacid, neu- 
trafized, and extracted wdh ethyl acctetft The extract was dried over magnesium sulfate and concentrated under 
40 reduced pressura The residue was (fistiDed under reduced pressure to 9ve 41 gof M-1 ^ fraction at 3 mmHg/82*Q. 

(b) Syntfiesis of intermediate compound M-2 

[Q102] In 150 ml of dietfiyl etfier was dispersed 1 1 g (289 mmd) of IHhium aluminum fiydride. A solution of M-1 (41 
45 g, 170 mmoQ obtained in (a) abO¥e dissolved in 50 mi of diethyl ether was aA 

fuxifs wfiOe stirring at room temperature, followed by reHUxihg for 3 fK)ur& Tfie reaction mixture was made addto l)y 
slowly pouring into (0utedhydrocM)nc acid/ice and extracte^^ The extract was dried over magnesium sulfate, and the 
solvent was evaporated under reduced pressure to give 31 g of an oily crude product TTie crude product was purified 
by siBca gel ooluinn chromatography to obtain 14 gof M-2 as a colorless oily subslanca 

so 

(c) Synthesis of intermediate corrfxsund M-4 

[9103] In 50 ml of toluene were dispersed 13.85 g (64 nrvnol) of M-2 obtained in (b) above and &86g (64 mmoQ of 
M-8, and 1 2 g of p-tduenesuKonic add was added tfiereto. The mixture was heated under reflux for 5 hours while driv- 
55 ing out water produced. The reaction mixture was poured into 1 00 ml of water containing 1 0 g of potassium carbonate 
and extracted with etfiyl aoetata The extract was dried, and the solvent was evaporated under recbjced pressura The 
resklue was recrystallized trom acetonitrile to obtain 7 g off M-4 as a crystal. 
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(d) Synthesis of F-2 

[p104] farilOmlofacetonitrilevmecfispersedl g(3.2^ 
the dispefston was heated under reflux for 8 hou^ 
5 fled t3y snica gel column chromatography (developing solvent: methylene chk>nde/methanol=20/1) to obtain F-2. 
RecrystalBzation from etfiyt acetate gave 1 .31 g of F-2 crystals. The structure of the product was confirmed by the NMR 
spectrum. 

(2) Synthesis of F-4 

10 

[0105] F-4 vi^ obtained in a yiekJol 1.1 gin the same manner as for F-2, except for reptad 
55(p=5). 

(3) synthesis of F-6 

IS 

[0106] F-6 was obtained in a yieU of 1.4 gin the san^nianner as for F-2, except for repladrigM-52(^ 
578 (pb7.8 (average)) which was synthesized tfompolyethyleriegt^ molecular weight of 400. 

(4) Synthesis of F-51 

20 

[0107] 



25 



30 




F-51 



n-C,oH; 




N 



M-6 



35 

(a) Synlfiesis of intemnecfiate compound 

IPIOq N-(44iyd^oMyphenyf^midazole [M-q (4.8 g, 30 mmol) was (fissolved in THF (30 ml), and sodium hydride 
40 (60%inoil, 1.32g.33nrmK)Qwasaddedtothesolutk>natabulktenrY)eralu^ Further, 1-bromodecane(6.63g. 

30 moi) was added thereto dropwisa After ttie resulting reaction mixture was stirred at room t e mper a ture, the obtained 
reactkxisdution was poirediTTto water arid ttten extracted ¥vi^ organic phase) 

was dried over magnesium sulfate, arxi tfren concentrated. The obtained oon ce nti ate was crystallized vvith acetonitrile 
to obtain 6.1 g of M-6 as a crystal. 

45 

(b) Synthesis Of F-51 

[0109] In acetonitrile. (0.45 g. 1.50 mmoQ and M-55 (0.38 g, 0.757 mmoQ described above were dissolved, and 
the reaction mixture was heated under reflux for 8 hours. After complelion of reaction, the reaction solution was con- 
so centraled, and purified by silica gel oolunrinchronriatogrBpfv to obtffl as a pale yellow substance. 

(5) Synthesis of F-52 

[Plicq In a solution of methylene chlorideAMBter (10 ml/10 ml). F-51 obtained in the item (4) was dissolved, and 
55 LjM(S0^CF3)2 (0.137 g, 0.543 nmO was added thereto while stirring. Then, the Methylene chloride phase was sepa- 
rated, concentrated and then purified tyy silica gel column chromatography to obtain 0.21 g of F-52 as a coloriess oily 
substance. 



(6)SyrTthesisorF-54 
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IS 




(a) Synthesis of intermediate compound M-8 

25 [01121 4-HydrQxycinnamic add methyl ester [M-IT] (5.0 g. 28 mmoQ wasdissotved in DMF, and 7.8 g of potassium 
cartx>nate was added to the solution at a bulk temperature off SO^'C . Further 1-bromodecane (6.5 g, 29 mmol) was 
added ttiereto dropwnse. After the resulting reaction mixture was stirred at 80*C for 1 hour, tfie otitained reaction solu- 
tion was added with water and ethyl acetate arxi extracted. 

[P1 1 3] TYie obtained extract organic phase) was dried ever ma^iesiinn sulfate and then concentrated. 
30 [0114] The obtained concentrate was crystallized with acetonitrile to obtein a2 g off M-8. 

(t)) Syntffiesis of intermediate oompourvff M-9 

[011$] The above obtained M-8 (8.1 g, 25.4 mmoQ was dtspersed in 100 ml of methanol, and a solution off 
3S NDHAwater ((2.85 g, 50.8 mmoiyiO ml) was added to the dispersion. The dispersion was sut)jected to reflux and cooled 
at room temperature. Then. 100 ml of water was added to the obtained reaction solution and adjusted to acidic region. 
The predpitated crystal was filtered, washed wilhwato and dried to 

(Q Synthesis of intermediate compound M-1 1 

40 

[0110] The above obtaned M-9 (1.0 g, 3.28 mmol) was dissolved in a solution of acetonitrile/dimethytacetoamido 
(10 rnl/5 rnQ. and furtfier 0.26 rry of thionylchloride was added thereto 

utes» M-5 (0.525 g. 3.28 nwnoO was added to the solution, and sut>sequently 1 ml of trietfiylamine was added and tfien 
stirred for 5 houf& The oblairied reaction solution was acQusted to a 
45 solution. The precipitated solid was fittered. 

\jM7l Thetatered solid was cfissolved in ethyl acetate and filtered under heating to remove an insoluble residua 

Ttieobtaiifted titrate was coTKieiitrated. The obtairiedoorioer!tratewQS<^^ 

11. 

so (d) Synthesis of F-54 

[01181 The atxive obtained M-1 1 (0.7 g, 1 .57 mmoQ and M-578 (0.48 g. 0.784 mmoQ were dispersed in acetonitrile 
and heated under reflux for 8 hours. After cooled at room temperature, the predpitated crystal (unreacted M-1 1) was 
fittered. The obtained filtrate was pur^ by silica gel colurm chromatography to 0.6 g of F-54. The structure of 
55 the product was confirmed by the ^H-NMR spectrum. 
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EXAMPLE 2 

(1) Preparation of tHanium dkixide disperBton 

5 [0119] In a 200 ml stainless steel-made vessel ha^ Hs inner wail coated with Teflon werecharged 15 g of titanium 
dioxide (Degussa P-25, produced t>y Nippon Aerosil Ca, Ltd.). 45 g of water, 1 g of a dispersant (Triton X-1 00, produced 
liy Aldrich Corp.), and 30 g of ziroonia beads leaving a dameter of 0.5 mm (produced tyy Nikkato Ck>rpL) and dispersed 
in a sand grinder mill (produced tsy Imex Co., LU.) at 1 500 rpm for 2 hours. The zirconia beads were filtered off the dis- 
persion. The average partide size of the dispersed titanium dicod^ 

10 manufactured by Malvern Corp. 

(2) Preparation of dye-sensitized TiO^ electrode 

[P12Cq Eleclrically conductive fifass having an F^fcsped tin oxide a)at(TCOG^ 
IS Ltd. ; surface resistivity: about 30 Q/ □ (square)) was cut to squares with 20 mm-sides. The titanium dioxide dispersion 
prepared in (1) was applied with a ^ass bar to ttie conductive surface side of 8 glass pieces at a time in the following 
manner. An adh esive tape was stuck to one end (over a 3 mm width from tfie edge) of tfie conductive surface of each 
glass piece, and 8 glass pieces were aligned in two fines without gap to make a 4 cm wk^ 

adhesive tape-stuck edges making both SKles (B cm long) of the str^ as spacers. The coating weight of tfie titaraum 
20 dk)XKle partKles was adjusted to 20 gAn^. After coating, the adhesive tape was removed. IhQ coating layer was air- 
dried at room temperature for one day and then cak:ined in an electric muffle fumace (Model FP^, manufactured by 
\bmalo Kagaku) at 450^C for 30 minutes. After being cooled out of the fumace, the coated glass substrates were 
immersed in an ethanol sdutkm of 3 x 10~^ wM of the dye shown in Table 1 bek)w for 3 houra The dyed glass sut>- 
strates weretfien immersed in 4-t-butylpyrk&iefDr 15 minutes, wasfied with ethanol, and dried spontaneously. Thepho- 
25 tosensitive layer (dye-sensitized TiO^ layer) tfius formed had a thk^kness of 10 )un and contained partk^ulate 
senmxxKluctor partides in an amourrt of 20 gAri?. The amount of t^ 
to 10 nvnolAn^ aocoiding to tfie kind of the dye. 

(3) Preparation of pfiolo-electrocfiemical cefl 

30 

[0121] A solution of an electrolyte was prepared by dissolving F-2 (liquid crystal compound (1)) or a comparative 
compound RE-1 or RE>2 sfiown t>elow in an equal wel^ of ac^onitrile &nd adding 2 mol% of kxUna The solution was 
applied on the dye-sensitized T1O2 electrode substrate (2 cm x 2 cm) and let to penetrate into the electrode while evap- 
orating acetonitrile. A Pt-depoerted glass 8ut)6trate of tfie same size was brougfit into contact with the T1Q2 electrode 

35 layer to prepare a pfioto-electrochemical cell shown in Fig. 1, wfikii comprised a conductive glass sut)strate (glass 1 
having conductor layer 2), TiO^ electrode 3w dye layer 4, electrolyte (i-O-. electrolytk; solution) layer 5, platinum layer 6, 
and glass (sut>strate) 7 in ttus order. The resulting ceils were designated sanple 1 04, 102 and 1 03, respectively. 
[P122] Sample 101 in wfik:h an electrolyte (i-a, an electrolyt» solution) Z-1 (prepared by dssolving (C4hy4NI in an 
equal weis^ of solvent SrS and adcfing 2 mol% of iodine) was used was prepared by bringing tfie dye-eensitized Tip^ 

40 electrode prepared in (^^bove and a PHIepostted glass suk)strate of the sainesi^ 

layer and the Pt deposit layer fadng each otfier and penetrating the electrolytk; solutnn Z-1 into tfie gap t)etween tfie 
two ^ass sutystrates tiy making use of capillarity 

[P1231 Samples 106to 126 were prepared in the same manner as for sample 104, except for cfianging the combi- 
nation of tfie dye and tfie etoctrolyte coii|)OSition as sfKMi in Tiible 1. 

45 



so 



S6 



46 



Compaiative Electrolyte: 
pn24] 



EP1 033731 A2 



r 

CsHirn 



o 
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TABUE1 



5 


Sample No. 


Dye 


Bectrolyte 


Electrolyte Compound 


Alkafi Metal Salt (molar 
eq.*) 


Remark 




101 


R-1 


Z-1 


(C4H9)4NI 


- 


comparison 




102 


R-1 


Z-2 


RE-1 


- 


comparison 


10 


103 


R-1 


Z-3 


RE-2 


- 


comparison 


104 


R-1 


Z-4 


F-2 


- 


invention 




105 


R-1 


Z-5 


F-4 


- 


invention 




106 


R-1 


Z-6 


F-4 


Ul (1.0) 


invention 


IS 


107 


R-1 


Z-7 


F-4 


UN(SO^CF3)2(1.0) 


invention 




108 


R-1 


Z-8 


F-6 


- 


invention 




109 


R-1 


Z-9 


F-6 


Ul (1.0) 


inventk)n 


20 


110 


R-1 


Z-10 


F-6 


UN(SO^CF3)2(1.0) 


invention 




111 


R-1 


Z-11 


F-7 


- 


invention 




112 


R-1 


Z-12 


F-7 


Ul (1.0) 


invention 




113 


R-1 


Z-13 


F-7 


UN(SO^CF3)2(1.0) 


invention 


25 


114 


(1) 


Z-8 


F-6 


- 


inventx)n 




115 


(5) 


Z-8 


F-6 


- 


invention 




116 


(29) 


Z-8 


F-6 


- 


invention 


30 


117 


(32) 


Z-8 


F-6 


- 


invention 




118 


(37) 


Z-8 


F-6 


- 


invention 




119 


(40) 


Z-8 


F-6 


- 


Invention 




120 


(43) 


Z-8 


F-6 


- 


invention 


35 


121 


R-1 


Z-14 


F-9 


- 


invention 




122 


R-1 


Z-15 


F-13 


- 


invention 




123 


R-1 


Z-16 


F-14 


- 


invc^ntion 


40 


124 


R-1 


Z-17 


F-16 


- 


invention 




125 


R-1 


Z-18 


F-17 


- 


inventnn 




126 


R-1 


Z-19 


F^-8- 


- 


invention 




127 


R-1 


Z-20 


F-51 




invention 


45 


128 


R-1 


Z-21 


F-51 


UI(I.O) 


invention 




129 


R-1 


Z^ 


F-51 


LiN(SOsiCF3)2 


invention 




130 


R-1 


Z-23 


F-54 




invention 


SO 


131 


R-1 


Z-24 


F-54 


UI(I.O) 


invention 




132 


R-1 


Z-25 


F-54 


UN(SO^CJF3)2 


invention 



Note: 

* Molar equivaleni to the iodine satt 
*''F4;F-8=5Q/50bymole 
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(4) Evaluation of photoelectric chaiacteiisiics 

[0125] The photoelectric characteristics of the photo-electrochemical cells 101 to 126 were evaluated as follows. 
[0126] The oonchictive glass arid the R<leposited glass vi^e conriecM 

5 was irradiated with pseudo-sunfight oontaining no ultraviolet rays arxJ having an intensity of 50 mW/cm? which was 
obtained ty cutting light from a 500 W xenon larrp (produced fciy Ushio Inc.) through AM1.5 Filter (produced t)y Oriel 
Ck3rp.) and a sharp cut fiter (Kenko L-42). The generated electricity was measured with a Keithley electrometer (Model 
SMU238) to obtain an open cffcuit voltage (Vqc). a short circuit current density (Jsc). a fiH factor (FF) (^maximum out- 
put/(open circuit voltage x short circuit current density)) , cmd a oonveraon efficiency (t)). After 600-hour continuous irra- 

10 daation, the short drcuit current density was again measured to obtain a reduction. The results obtained are shown in 
Tat3le 2 below. 



TABLE 2 



IS 


Sample Na 


JscCnnA/cmiO 


VocM 


FF 




Jsc Reduction after 600 
hr5(%) 




101 


3.13 


0.45 


0.45 


1.27 


95 




102 


3.40 


0.59 


0.55 


2.21 


35 


so 


103 


3.29 


0.53 


0.51 


1.78 


42 




104 


5.10 


0.60 


0.61 


3.37 


12 




105 


6.21 


0.59 


0.59 


4.32 


11 


2S 


106 


7.33 


0.57 


0.58 


4.85 


9 




107 


7.51 


0.58 


0.58 


5.05 


8 




108 


6.93 


0.60 


0.59 


4.91 


8 


30 


109 


6.99 


0.62 


0.60 


5.20 


10 


110 


7.05 


0.62 


0.61 


5.33 


9 




111 


5.89 




0.62 


4.31 


10 




112 


6.21 


0.58 


0.62 


4.47 


13 


35 


113 


6.35 


0.59 


0.63 


4.72 


7 




114 


&09 


0.60 


0.59 


4.31 


11 




115 


5.91 


0.58 


0.58 


3.98 


13 


40 


116 


5.32 


0.59 


0.57 


3.58 


9 


117 


5.25 


0.55 


0.60 


3.47 


15 




118 


5.48 


0.59 


0.59 


3.82 


14 




119 


5.77 


0.48 


0.61 


3.38 


18 


45 


120 


5.69 


0.49 


0.58 


3.23 


11 




121 


4.81 


0.57 


0.55 


3.02 


16 




122 


4.97 


0.55 


0.57 


3.12 


12 


SO 


123 


3.99 


0.58 


0.58 


2.68 


10 


124 


4.35 


0.57 


0.56 


2.78 


18 




125 


4.44 


0.52 


0.57 


2.63 


17 




126 


6.51 


0.60 


0.59 


4.61 


11 


55 


127 


5.98 


0.57 


0.61 


4.16 


12 




128 


6.23 


0.57 


0.58 


4.12 


10 
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1ilVBLE2(oontinijed) 



Sample rskx 




Vcx:(V) 


FF 




Jsc Reduction after 600 
hrs(%) 


129 


&33 


0.56 


0.57 


4.04 


11 


130 


5.86 


0.59 


0.59 


4.08 


13 


131 


6.12 


0.58 


0.58 


4.11 


12 


132 


a28 


0.56 


0.58 


4.08 


12 


(Sample Nos. 101 to 103 are oomperakive a 
pies of the present invention.) 


impies and Sample Nos. 104 to 126 are sam- 



[0127] It is dearly seen fix)m the results in IWe 2 that saiiple 101 contairarig a solvent in the charge transporting 
layer has low initial performance and very poor durability Samples 102 and 103 using 

comparative electrolyte RE-1 and RE-2. respectively shew someMfhat improved durat»Tity kMit are inferior in initial per- 
formance. In contrast, samples using the compound (I) as an electrolyte are siiperior in not only initial performance (i.a. 
short circuit cun-ent density, conversion efficiency, etc) taut also durability The improvements on initial performance and 
durabilityof the performance are observed irrespective of the land of the sensiti^^ It is also recognized that addi- 

tion of an alkali metal salt brings about t>etter results. 

[0128] While the invention has been descrit>ed in detail and with reference to specific examples thereof, it will be 
apparent to one stalled in the art that various changes and modificatioris can be rnade therein without depart!^ 
the spirit and scope thereof. 

Claims 

1. A liquid crystal compound represented by fonnula(l-l) or (1-2): 



Rl41 .^5t ^51 



141 



Fh3i-4Q'3i-Yiii-Qi2i];;-^^»*-Qiii-N^ ^-fOiai-Y.n-Qiai-j-^iai 

Bl61 ^71 ^171 



^41 Bisi ^^Sl 



B|SI ^61 



wherein Q^^^ represents a cfivalent finking group with the proviso that Q^u does not represent a polym^hylene 
group nor a phenylenek)is(poly)mettiylene group without containing a hetero atom; ^ t~ represents an anion; . 
^151* ^161* ^171 OBOh represent a tiydlrogen atom or a subslituent; R131 represents a sut3Slituted or unsut)6ti- 
tuted alkyi group or a sitetituted or unsubstituted alkenyl group; Yt^^ represents a dh^alent 4-. 5-. 6- or 7Hmnv 
t>ered ring or a dvalent condensed ring composed of their rings; Q121 andQ^a^ each represent a divalent linking 
group or a single bond; n represents 1, 2 or 3; when n is 2 or 3. the plural Y^^i's, Qi2i*s and Qi3i*s may be the 
same or different 
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2. The liquid crystal conpound as in daiml. wherein Xtii* is an io(Me 

3. The liquid crystal conpound as in claim 1. wherein Q^^i is represented by formula 



— CHz" 



R2II R231 

-C-Q.,-C- 

R22I ^^41 



-CH2— 



(II) 



wherein Q^u represents a divalent linking group except a methylene group; R211. R221. R231, and each rep- 
resents a hydrogen atom or a sut)sUluent and may t>e connected to Q21 1 to form a ring; arvJ m represents 0 or 1, 
provided that formula (IQ does not represerit a polymethylerie group 



4. The liquid crystal oorrpound as in dalm 1, wherein Qiit is represented by fornw 

— CH2CH2P>CH2CH2}p 
wherein p represents an integer of 1 to 30. 

5. A liquid crystal mixture comprising at least two liquid crystal compounds represented k)y formula (1-1) or (1-2): 



(IIQ 



VI41 



151 



^51 .^41 



151 



/^51 ^41 



r 1 1 



CI-2) 



wherein Qii^ represents a divalent linking group wHh the proviso that does not represent a polymethylene 
group nor a pheriytenebis(poly)melhylene group without containing a hetero atom; Xi ^ 1 ' represents an anion; R t4i . 
^151* ^i6i> ^^T^ 08ch represent a hydrogen atom or a suk>stituerTt; R131 represents a substituted or unsubsti- 
tuted alkyi group or a s ub stituted or ursut)stituted alkenyt group; Y^^^ represents a divalent 4-, 5-. 6- or 7Hmem- 
bered ring or a divalent condensed ring connposed of their rings; Q121 and Q^^a represent a divalent linking 
group or a single bond; n represents 1, 2 or 3; when n is 2 or 3. the plural Y^'s, Qi2i's^ and Qiai's may k>e tlie 
same or differeiiL 



6. The Squid crystal mixture as in daim 5, wherein saki at feast two lk|UKl crystal compounds have ^ ^ represented 
bylbnnula(lll): 
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— CHgCHgfOCHgCHgJp (110 
wherein p represents an integer of 1 to 30. and are (fiffererrt 
7. A rquid crystal oonpositioncxxnprising aft least one liqu^ 

^^71 ^^171 RlSI 



^11 ^11 

Ri4i Ri5t F^4i Bist 



^161 ^61 



31 

n 



a-2) 



wherein Q^ti represents a divalent linking group with the proviso that Qm does not represent a polymethylene 
group nor a pheriylenebis(pol^methylene group without containing a hetero atom; X-t 1 1~ represents an anion; R^4i , 
Fli5i' Ri6i> ^ ^71 ^ch represent a hydrogen atom or a suk^stituent; R131 represents a suk)stituted or unsut)sti- 
tuted alkyi group or a sut)6tituted or unsut)6tituted alkenyl group; Y^^^ represents a divalent 4-. 5-. 6- or 7-menv 
bered ring or a dvalent condensed ring composed of their rings; Q^2^ ^ Qiai ®^ represent a divalent linking 
group or a single Kx)nd; n represents 1,2 or 3; when n is 2 or 3, the plural Y-m'^ 6121*. and Qiai*^ may be the same 
or (fifferent and aft least orie compound selected from an alkali metal salt and an alkaline earth metal salt 

8b An electrolyte containing aft least one liciukt crystal compourvl represented by formula (1^: 



wherein R^i^ represents a sut)sti h j te d or unsut)stiluted aikyt or aihenyt group which is bonded to the nitrogen either 
directly or via a divalent linking group; Z^ti represents an alomk; group necessary to form a 5-or 6-membered aro- 
matk« heterocyclic cation together with the nitrogen atom; R121 represents a sitetituent serving to exhitxt liquid 
crystal properties which contains at le^ one divalert cycfic linldng grou^ 
tuted alkyi or alkenyl group; and X^^^* represenls an amon. 

9. The electrolyte as in claim 8. ¥rherein said substiluem serving to exhiM 
R121 is represented by formula (1^: 

Rl22fQl3rYiiiOi2l}n (IB) 

wherein R122 represents a substituted or unsut)&tituted alkyi or alkenyl group; Y^ii represents a divalent 4- to 7- 
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nnenrt>ered cyclic group or a divalent condensed cydic group composed off a 4- to 7-membered rings; Q121 and 
Qi3i each represent a divalent linking ^otp or a single bond; n represents 1 , 2 or 3; when n is 2 or 3, the phJFal 
Yiti's, Qi2i's^ and Qtai's be the same or different 

10. The electrdyte as in claim 8, wherein said aromatic h^erocydic cation 0^ isapyridiniumoranimi- 
dazolium. 

11. The electrolyte as in daim 8, wherein said liquid crystal compound represented by formula (lA) is a liquid crystal 
compound represented by formula (M) or (1-2): 

^lei ^171 ^71 ^61 



R^41 Ri51 ^J41 Ri5t 



(1-2) 



wherein Q^ii represents a divalent GnMng group with the proviso that Qin does not represent a polymelhylene 
group nor a phenylenebis(pol^melhyiene group without containing a hetero atom; Xi ^ ^ ~ represents an anion; Ri4i , 
Ri5i, R-|61» and R|7^ each represent a hydro^n atom or a sut>stituent; R131 represents a sut>stituted or unsubsti- 
tuted alKyl group or a sidt)6tituted or unsutistituted alkenyt group; Y^ti represents a divalent 4-» 5-. 6- or 7-mem- 
k>ered ring or a divalent condensed ring composed off their ririgs; ^Qi3i each represent a divalent linking 
group or a single bond; n represents 1 , 2 or 3; w^ien n is 2 or 3, the plural 's, Qi 21*6^ and 3^ Is may be the 
same oc cfifferent 

12. Theeleclrolyteasindaflrn8»wffiich1urttiercorilalri5iodina 

13k An etectr oc hemical ceil liaving an electrolyte containing at least one liquid crystal oompourKi represented k3y for- 
nula(IA}: 



Ri2l-ZiiiJ«-Rl1t (lA) 



wherein Rtiirepresenlsasubstituted or unsubstitutedalkyi or alkenyl group whk:h is boridedtothe nitrogen e^ 
directly or via a divalent finMng group; Z^^i represerits an atomic £poup necessary to form a 5- or enrienteredi^ 
matk; h^ocydc cation together with ttie nitrogen atom; R121 represents a sut)stituent serving to exhibit bquid 
crystal properties wliich contains at least one (fivalent (^k: linking group and at le^ 
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tuted alKyl or alkenyl groi4>; and 1 1 ' represents an anion. 

14. Aphoto^ectrochefiiicalceiliii4ik:h(»^^ 

ductor responsive to a radiant ray, wherein said electrolyte contains at least one liqud crystal compound repre- 
sented by fiomujla (lA): 



^121""^111^~^111 



ill 



(lA) 



wherein R^^i represents a sitetituted or unsut>strtutedalkyl or alkenyl groi^ 

directly or via adivatent linking group; Z^i^ represents an atomic group necessary to form a 5- or &inembered aro- 
matk: heterocyclic cation together with the nitrogen atom; R^21 represents a sut)strtuent serving to exhit)it liquid 
crystal properties which contains at least one divalent cydk: Bnldng group and at least one suk>stituted or unsubsti- 
tuted aDcyl or alkenyl groMp; and Xm' represents an aroon. 



15. The photo-electrochemical cell as in daim 14, wtierein saU semiconductor is a partkailate semfcond u ctor sersi- 
tizedwithadya 
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FIG.1 
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